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Physiological and Molecular Mechanisms of Mn Uptake by 
Hyperaccumulting Plant Polygonum hydropiper (Polygonaceae) 
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Abstract: Polygonum hydropiper was a new hyper-accumulated Mn plant . The experiments were carried out in order to 
find out subcellular distribution characteristics and chemical pattern of Mn in cell and the physiological and biochemical 
mechanisms of Polygonum hydropiper responding to Mn stress . The results indicated that the accumulation of Mn in the cell 
wall (accumulation rate as high as 36.34%) and the vacuole of the leaves (accumulation rate as high as 65.64% ) might 
be one of the mechanisms of tolerance and hyperaccumulation of Polygonum hydropiper to Mn . Most Mn in leaves were the 
speciation of H, O-solubility organic salts or manganese oxalates . The content of chlorophyll a did not change under different 
Mn concentration treatments except that its content decreased remarkably when Mn concentration was 8 000| umol/ L in solut 
ions . The membranes were not harmed by Mn when its concentration was less than 5 000 umol/L in solutions; Under differ- 
ent Mn concentrations of Mn, the content of their soluble proteins of leaves had changed at some stage . The activity of SOD 
and POD were gradually improved with the increasing of Mn concentration, which could eliminate activated oxygen free rad- 
ical, This might be the other physiological mechanism of tolerance and hyperaccumulation of Polygonum hydropiper те- 
sponding to Mn . 

Key words: Polygonum hydropiper; Mn; Hyperaccumulation; Distribution; Speciation; Physiological response 
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Table 1 Subcellular distribution of Mn in different organs of Polygonum hydropiper 





Mn treatment Fl F2 F3 Total 
Ито. msg FW 
9.1 (CK) 12.564 1.13a (25.36) 30. 78 = 2.23a (62.16) 6.18+ 0.32 (12.48) 49.52 + 3.85 
iat 500 180.16 9. 62 (35.48) 289 .15+ 20.33 (56.95) 38.43+ 2.46 (7.57) 507.74+ 39. 43 
2000 936.13+ 50.29 (57.47) 613.96+ 35.18 (37.69) 78.69+ 5.11 (4. 83) 1628.78+ 100.34 
5000 1758.76+ 120.47 (61.22) 993 .46+ 78.93 (34.58) 120.84+ 9.46 (4.21) 2873.06+ 251.36 
9.1 (СК) 21.48+ 1.17 (67.89) 6.12+ 0.25 (19.34) 4.04+ 0.15 (12.77) 31.64+ 2.69 
Stem 500 40.234 3.26 (66.61) 14.59 1.10 (24.16) 5.58+ 0.35 (9.24) 60.40 + 5.71 
2000 355.85+ 22.47 (45.38) 396.45+ 29.73 (50.55) 31.92+ 2.46 (4.07) 784.22 + 64. 88 
5000 562.43+ 41.78 (37.12) 887.79+ 66.42 (58.59) 65.14+ 5.58 (4.30) 1515.36+ 100.10 
9.1 (СК) 29.36+ 1.99 (36. 37) 47.01+ 3. 58 (58. 18) 4.43+ 0.30 (5.48) 80.80 + 6.28 
Leaf 500 158.37: 10.38 (34.51) 277 .434 21.08 (60.45) 23.17: 1.93 (5.05) 458.97 = 34.50 
2000 654.072: 51.17 (33.16) 1266.98 = 100.04 (64.24) 51.35+ 3.88 (2.60) 1972.40+ 110.75 
5000 1118.82+ 93.41 (31.73) 2314.57+ 187.21 (65.64) 92.86: 7.97 (2.63) 3526.25+ 296.87 
: Fl р сл ; ЕЗ ( ys (96 ) 

























































































































































































































































































sis means distribution ratio of different cell components . 
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Note: Fl means cell wall; F2 means intracytoplasmic soluble substance and vacuoles; F3 means organelle ( except vacuoles); Numerical value in parenthe- 
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Table 2 Concentrations of Mn in the chemical fractions of the fresh root[] stem and leaf tissues of 











Polygonum hydropiper by successive extractions (mg/kg FW) 








































































































































































































































































































































































































Mn treatment Ев Fw Fra Fuac Ена FR Total 
umol/L mg/kg FW 
4.05 + 0.32 34. 60 = 3. 15 8.41+ 0.69 2.13+ 0.25 4.04+ 0.41 1.16+ 0.09 
9.1 54.394 4.98 
(7.45) (63.61) (15.46) (3.92) (7.43) (2.13) 
38.324 7.16 265.77+ 23.59 150.274 7.13 31.39+ 4.03 66 .28+ 7.96 9.78+ 1.11 
500 561.82: 52.38 
(6.82) (47.31) (26.75) (5.59) (11.80) (1.74) 
root 
104.45 29.87 496.69 42.1 478.56 = 19. 153.304 14.87 320.084 32.4 22.4642. 
2000 04.45+ 29.8 96. 69 8 8.56+ 19.69 153.30 87 320.08+ 32.49 6 56 1575.54+ 139.75 
(6.63) (31.52) (30.37) (9.73) (20.32) (1.43) 
184.614 72.1 12.88+ 79.4 78.35 = 31. 202.40+ 38.74 621.08+ 65.1 1.80+ 3.17 
5000 84.6 б 812.88479.43 878.35 = 31.88 202.40+ 38 621.08+ 65.19 31.8043 2731.11 250.42 
(6.76) (29.76) (32.16) (7.41) (22.74) (1.16) 
4.90 + 0.45 15.632 1. 38 13.60 = 1.15 4.12+ 0.48 5.18+ 0.52 1.80+ 0.75 
9.1 45 .24+ 4.34 
(10.84) (34. 55) (30.06) (9.11) (11.46) (3.98) 
8.69 + 9.08 34. 56 = 3. 57 30.37 = 3.06 8.02+ 0.74 9.18+ 1.06 2.16+ 0.19 
500 92 .99+ 10.25 
(9.35) (37.17) (32.66) (8.63) (9.87) (2.32) 
stem 
45.504 4.73 439.44+ 40.57 322.04427.88 62.50 6.09 28.382 3.07 10.80+ 1.24 
2000 908.65: 90.66 
(5.01) (48.36) (35.44) (6.88) (3.12) (1.19) 
.55+ 8.17 . 74+ 88.16 7177.85 + 49.72 .81+ 9.22 .80+ 5. 17.65+ 1. 
5000 83.55+ 8 983 88.16 85+ 49 93.81+ 9 60.80+ 5.98 65 66 1957.40 134.28 
(4.27) (50.26) (36.67) (4.79) (3.11) (0.90) 
4.16+0. .76+ 4.01 24.23 + 2.31 10.82+ 1.2 20.77+ 1. 1.80+ 0.11 
9.1 6+ 0.38 38.76 0 3 3 0.8 6 0 98 80+ 0 100.53+ 10.28 
(4.14) (38.55) (24.11) (10.76) (20 .66) (1.79) 
19.974 2.07 230.67+ 25.98 108.27411.46 60.15 7.14 145 .99+ 13.73 4.25+ 0.47 
500 569.30+ 55.41 
(3.51) (40.52) (19.02) (10.56) (25 .64) (0.75) 
leaf 
.01+ 6.22 789.75+ 81.4 .21 = 34. 144.09+ 14.78 499.6551. 18.96+ 2.04 
2000 59.01+ 6 89.75+ 81.43 365 34.58 09 8 499.65+ 51.66 8.96 0 1876. 68+ 180.78 
(3.14) (42.08) (19.46) (7.68) (26 .62) (1.01) 
104.40 10.74 1552.36+ 148.82 581.19 + 47.43 238.08+ 24.64 1009.68+ 99.76 27.50+3.11 
5000 3513.21 + 320.46 
(2.97) (44.19) (16.54) (6.78) (28 .74) (0.78) 
: Ев 80% ‚ Ру , Fre 1 mol/L , Fuac 2 96 , Ена 0.6 mol/L 
‚ FR ; (%) 
Note: Fg means 80% ethanol extractable Mn; Fy means deionized water extractable Mn; Бира means 1 mol/L NaCl extractable Mn; Енд. means 2% acetic 














acid extractable Mn; Ена 0.6 mol/L HCI extractable Mn; Fg means residual Mn; Numerical value in parenthesis means distribution ratio of different 


extractable Mn . 





























































































































3 
Table 3 Concentration of different physiology and biochemical index of leaves of Polygonum hydropiper on Mn stress 
Mn treatment Chla Chib Leakage Protein content SOD activity POD activity CAT activity 
(umol/L) (mg/g FW) (mg/g FW) (%) (mg/g FW) (U/ g FW) (U/ g FW) (U/ g FW) 
9.1 (CK) 1.30 0 .04a 0.42+0.08a 16.77+ 1.96a 9.96+ 0.62a 49.62+ 4.43a 93.34 = 7.80a 30.88 = 2.50a 
500 1.32+0.1la 0.45+0.07a 18.02+ 2.70a 6.01+ 0.74c 69.18 5.72a 101.21+7. 97а 33.66 = 3.13а 
2000 1.20+ 0. 13а 0.41+ 0.06a 19.06 1.41a 7.79+ 0.91b 96 .84+ 8 .07b 133.35 13.20а 30.25 + 2.77а 
5000 1.14+0.06ab 0.34+0.03a 20.0140.74a 8.26+0. 45Ь 145.99+ 10.48c 308.032 36.50b 32.57 = 3.17а 
8000 0.92+0.04b 0.30+0.05a 23.0441.73b 9.17+1.04ab 244.10+ 26.654 498 .75+ 44.60 с 31.87 € 2.83a 
( P2 0.05) 1 Different letters within columns indicate significantly different (Р = 0.05) 
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